INTRODUCTION
Since the discovery of O + ions in the magnetosphere by Shelley et al. [1972] , much interest has been focused on the ionospheric sources of such ions. The importance of these sources is underlined by the significant and variable O + populations in all magnetospheric regions outside the inner plasmasphere: in the plasma sheet and ring current [Geiss et al., 1978 [ 1981 ] . Only data for geocentric distances smaller than 3 earth radii are included here (r/R E < 3), but observations are not always available for all altitudes down to the DE 1 perigee of 675 km. This is because at the lowest altitudes the plasma densities are generally greatest and, in order to protect the instrument from prolonged excessive counting rates, it is shut off.
The observations used in this study were made in a 2-year period between October 19, 1981, and October 18, 1983. Although a large fraction of the data for the first of these 2 years has been processed, the same is not true for the second year. All available data from this period were used in this study; this includes data from a variety of observational modes which sample O + ions. Flows of O +, moving upward along geomagnetic field lines, were classified according to their pitch angle distributions, determined from the radial sensor head, as it rotates through a full range of pitch angles in each 6-s satellite spin period. On November 25, 1981, the RPA on the radial head failed, and at subsequent times, the retarding potential stayed set at zero. Consequently, energy information from the radial head was considerably degraded in resolution for O + and completely lost for the light ions. RPA scans were only obtained for the two end, or Z, heads, which detect ions moving roughly transverse to the geomagnetic field (within a solid angle of near 2 sr at 2 eV energy and 0.7 sr at 10 eV, for O + ions). Hence, for field-aligned flows or highly folded conical distributions, no rigid classification of O + flows by their energy range was possible. Classification by pitch angle distribution alone does have the advantage of allowing data to be utilized from both the "survey" and "mass scan" modes of operation. In the survey mode the ion species H +, He +, O +, He ++, and O '•' were monitored (and following the failure of the radial head RPA, N + was added to this list without loss of resolution or information). In the mass scan mode, all ion masses between about 4 and 32 amu were scanned, but no energy information was obtained.
Data for all four possible bias settings for the aperture rings surrounding the detectors [Chappell et al., 1981] will not detect the lowest-energy O + at r/R E < 3, if the spacecraft potential is positive and exceeds the magnitude of the aperture bias by at least 2 V. Ion count rates were accumulated over 1-min intervals, to average out statistical fluctuations and to effect data reduction, before the spin angle distributions were classified (see section 3). Each such distribution was considered as one sample, made at the location (in local time, height, and invariant latitude) of the DE 1 spacecraft at the center of the 1-min period, plus and minus errors given by its locations at the extremes of that period. In the 2 years studied, a total of 14,278 such samples were obtained for invariant latitudes greater than 40 ø in either hemisphere at r/R E % 3.
The highly elliptical orbit of DE 1, the rate of drift of the line of aspides (0.328 ø per day; i.e., from one pole to the other is roughly 18 months), and the rate of westward rotation of the orbital plane (1 hour of local time per 15.4 days, i.e., 24 hours in about 12 months) give an uneven local time average of the topside high-latitude ionsophere during the different seasons. Table 1 The adjective "core" has been applied to these TACI events to distinguish them from the transversely accelerated ion (TAI) events discussed by Klumpar [ 1979 Klumpar [ , 1981 , of which the TACI events are a subset. This is firstly because the TAI events observed using the ISIS 2 electrostatic analyzer included possible ion species other than O +. 
Seasonal and Kp Variations
The problem with attempting to find seasonal variations in these data is that the highly elliptical orbit of DE 1 does not give an even distribution of samples with local time and altitude for any given season, as is demonstrated by Table 1 (shown here at A a = 84ø; as L > 100 for these events).
The lower-latitude edge of the upwelling ions is found to be closely associated with field-aligned currents, as observed by the magnetometer on board DE 1 [Farthing et al., 1981] . ISIS 2 found such ions at 1400 km in events of limited latitudinal width [Klumpar, 1979 [Klumpar, , 1981 . There was, however, no mass resolution in these observations, and hence it remains possible that even at this altitude the transversely accelerated ions were minority H + ions and not O +. In summer, transversely accelerated ions were only found by ISIS 1 at greater altitudes on the dayside, consistent with the upwelling ion source. Lockwood [1984] has analyzed the crude expectations of a nightside auroral source, via low-altitude transverse acceleration by ion cyclotron waves, and found it to be inconsistent with the observed solar cycle variation of ring current O + abundance, suggesting it is not the sole source of such ions.
The low-latitude halves of upwelling ion events mainly occur in regions of apparently downward field-aligned current, which will be primarily carried by upgoing ionospheric electrons. Such a drift could excite the ion cyclotron instability and produce the "hot" tail of conical ions observed in these parts of the events (see references given by Lockwood [1984] ). Note in some 7% of cases, upwelling ions are also found in regions of apparently upward field-aligned current. In the one such case which we have studied, the ions have been found to make up the majority of the observed field-aligned current density, if the ionospheric electrons do not also flow upward. Such a drift of ions relative to cold ionospheric electrons would again be unstable to ion cyclotron waves. 
